Objective: To investigate the association between reproductive history and later development of various nosological subtypes of overt hyperthyroidism. Study Design: From the Danish population, we included incident hyperthyroid women, and for each case we recruited 4 euthyroid age-sex-region-matched controls from the same sub-population. Hyperthyroid cases/controls were: Graves' disease (GD, n = 232/928), multinodular toxic goitre (MNTG, n = 91/364), solitary toxic adenoma (STA, n = 21/84). Patients diagnosed with hyperthyroidism within 1 year after delivery including postpartum GD were excluded. In multivariate conditional regression models (reference: no reproductive events), we analysed the association between development of GD/MNTG/ STA and reproductive factors such as age at menarche/ menopause, reproductive span, number of pregnancies/ childbirths/abortions, investigations for infertility, and years on oral contraceptives. We adjusted for possible confounders such as alcohol intake, smoking, co-morbidity, and education. Age was studied as a potential effect measure modifier. Results: GD patients diagnosed before the age of 40 years had given births more often than control subjects (OR . No associations were observed between any reproductive factor and the development of MNTG or STA. Conclusions: Childbirths and induced abortions may be followed by development of Graves' hyperthyroidism after the post-partum period. This was not the case for the non-autoimmune subtypes of hyperthyroidism.
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Introduction
Hyperthyroidism is a common disease affecting women more often than men [1] . As first described by Parker et al. in 1961 [2] , pregnancy is accompanied by a fall in thyroid antibody concentrations. Most [3, 4] , but not all studies [5] , have shown a lower risk during pregnancy of developing autoimmune thyroid disease such as Graves' hyperthyroidism and autoimmune hypothyroidism. Due to the so called "rebound phenomenon," the risk of autoimmune thyroid disease after delivery is higher than before pregnancy [3, [6] [7] [8] . The enhanced risk of Graves' hyperthyroidism up to 12 months post-partum is well known [5, 9] but it is not known whether this risk extends more than a year after delivery [10] . Age at menarche [11] [12] [13] , age at menopause [12, 13] , and the use of oral contraceptives (OC) [11, 12] have all been associated with altered risk for autoimmune diseases. A few studies examined the association between delivery and later development of Graves' hyperthyroidism [5, 10, 14, 15] , but no study has extensively investigated the long-term repercussions of multiple reproductive factors on the risk of developing various types of hyperthyroidism. We previously observed a strong association between the number of pregnancies and the later development of autoimmune hypothyroidism [16] . Various autoimmune diseases may respond differently to previous pregnancy exposures [6] . Thus, we hypothesise that autoimmune Graves' thyrotoxicosis, as was the case for spontaneous autoimmune hypothyroidism, also may develop after the 1-year post-partum period. In the present study, we aimed to investigate if a similar association exists in autoimmune hyperthyroidism due to Graves' disease (GD) as well as in the nonautoimmune types of hyperthyroidism (multinodular toxic goitre [MNTG] and solitary toxic adenoma [STA] ). In addition, we investigated whether other reproductive factors, such as infertility, use of OC, and years on menstruation had impact on the risk of later hyperthyroidism.
Subjects and Methods
The DanThyr (The Danish Investigation on Iodine Intake and Thyroid Diseases) monitoring programme was launched in 1997 to monitor thyroid disease before and after iodine fortification of salt. The fortification became mandatory in 2000 [17] but was effectively introduced in year 2001. We registered all women with incident hyperthyroidism diagnosed in a population using a prospective monitoring of all thyroid function tests performed. The study period spanned from March 1997 to December 2000. This encompassed 1,055,608 years of observation. For case-control analyses, we recruited euthyroid subjects randomly selected from the same population.
Patients
Two geographical areas were defined for the present study; an area in and around the city of Aalborg with moderate iodine deficiency (population, n = 311,102; of these, 155,957 were women; urinary iodine excretion = 45 µg/L in subjects taking no mineral supplements [18] ) and an area of Copenhagen with only mild iodine deficiency (n = 227,632, of these 119,419 were women; urinary iodine excretion = 61 µg/L [18] ). A surveillance register [19] was linked to databases at the four diagnostic laboratories responsible for all thyroid function testing performed in the two study areas (one in Aalborg, three in Copenhagen). The register identified all subjects with a first-time suppressed serum TSH in combination with a high T4 and/or T3 estimate. Every subject with possible new hyperthyroidism was individually evaluated to verify or disprove new overt hyperthyroidism [1] . Hyperthyroidism was classified into various nosological subtypes [1] , but only hyperthyroid women diagnosed with GD, MNTG, and STA were considered for the present study. GD was defined in case of positive thyroid-hormone receptor antibodies (TRAb) and/or a diffuse technetium (Tc) uptake scan; STA and MNTG in case of a single versus multiple hyperfunctioning nodules on a Tc scintican. Patients who had given birth within 1 year prior to diagnosing hyperthyroidism were not included in the present study but were classified as suffering from post-partum thyroid dysfunction including post-partum Graves' hyperthyroidism [1] .
In the study period ( Fig. 1) , we identified 398/350/46 women with GD/MNTG/STA (total, n = 794). In selected periods with staff available, we invited 516 women newly diagnosed with hyperthyroidism (n = 311/180/25, mostly patients < 70 years of age) to participate in a comprehensive investigation program as described in detail previously [20] . Of those invited, 353 (68.4%) accepted participation.
We have previously in detail described the surveillance program, the use of a register linked to laboratory databases, the precise diagnostic criteria used to identify patients with overt hyperthyroidism, the algorithm for final verification of incident autoimmune hyperthyroidism, and the classification of hyperthyroidism into various subtypes of disease [1, 19] .
Controls
By use of the Civil Registration System, in which all Danish inhabitants are registered with a unique identification number [21] , we randomly extracted civilians residing in the two study areas for two cross-sectional studies. For each hyperthyroid patient, we included 4 randomly selected women from two surveys, all matched on age and residency. Survey I, a cross-sectional population study totalling 3,712 women, was performed in the two study areas Aalborg and Copenhagen in 1997-1998 [22] . Women aged 18-22, 25-30, 40-45, and 60-65 years participated. Control subjects outside these age categories were invited from the same population in 1998 (survey II; women, n = 530). The inclusion criteria for controls were a serum TSH between 0.2 and 5.0 mU/l and no previous thyroid disease. Each person fulfilling these criteria was considered a control subject (Fig. 1 ). We were able to find 1,056 female controls (survey I, n = 660; survey II, n = 396) matching the 343 women diagnosed with overt hyperthyroidism (GD/MNTG/STA; cases, n = 232/91/21; controls, n = 928/364/84). The healthy women were allowed to act as control subjects in more than one regression model. We were not able to identify 4 matching controls for 9 of the hyperthyroid women, and these cases were excluded from the study.
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Investigational Program
Patients and controls underwent the same investigations and answered identical questionnaires. Participants had their height and weight measured, and BMI (body mass index) was calculated as weight measured in kg/(height in meters) 2 . A blood sample was drawn at investigation and stored at -20 ° C. At study end, all samples were thawed and analysed in random order.
Questionnaires
We asked for the total numbers of pregnancies, live births, abortions (induced or spontaneous), the use of OC before menopause, age at first menstruation (menarche) and menopausal age. The reproductive span was defined as total years of menstruations (time period from menarche to menopause). The hyperthyroid patients were asked if they had given birth within a year prior to the diagnosis.
Participants filled out questionnaires on alcohol consumption (units per week) and smoking habits (never, previous, or current smoking). We asked for cardiovascular co-morbidity (history of acute myocardial infarction, angina pectoris, cardiac arrhythmia, hypertension, or cerebral stroke) and non-cardiovascular co-morbidity (epilepsy, diabetes mellitus, asthma, chronic obstructive pulmonary disease, or gastrointestinal ulcer). Educational status was answered into five categories: basic school with no vocational education, vocational education up to 2 years, 3-4 years vocational education, vocational education for more than 4 years, and under vocational education.
Blood Specimen Analyses and Assay Characteristics
Thyroid peroxidase antibody (TPOAb), thyroglobulin antibody (TgAb), and TRAb were measured after study end [20, 23] . Subjects with antibody concentration above the functional sensitivity given by the manufacturer (TPOAb: > 30 kU/L, TgAb: > 20 kU/L, TRAb: > 1 U/L) were regarded as antibody-positive (TPOAb+, TgAb+, TRAb+). TSH was measured in serum drawn from controls. Serum TSH, T3, and T4 concentrations at the date of diagnosis were registered for all hyperthyroid patients. Assay details have been described previously [19, 24] .
Statistical Analysis
We used IBM Statistical Package for Social Sciences version 15.0 (SPSS, Chicago, IL, USA) for all calculations and statistical analyses. Data not normally distributed were expressed with medians and interquartile ranges (IQR, 25% and 75% percentiles). Groups of subjects were compared using Mann-Whitney U test, Pearson's χ 2 test, Fishers exact test, or independent t test. Associations between the primary reproductive factors (pregnancies, live births, abortions) and later development of hyperthyroidism were analysed in conditional uni-and multivariate logistic regression models. Furthermore, we explored the possible role for other reproductive factors such as age at menarche and menopause, reproductive span, infertility investigations, and the use of OC. Associations were expressed as odds ratios (OR) with 95% confidence intervals (95% CI). p values less than 0.05 or an OR with 95% CI not including 1.0 were regarded as statistically significant. Conditional regression analysis requires no missing values, and the 105 out of 16,060 (0.65%) questions regarding reproductive data left unanswered by participants were filled out by means of nearest neighbour hot-deck imputation [25] . In the regression models, we tested for multi-collinearity. In all analyses, the various reproductive factors were tested against circumstance with no reproductive event present. Tests for linear trend were calculated using the ordinal categories for Three types of hyperthyroidism were investigated (Graves' hyperthyroidism, multinodular toxic goitre, and solitary toxic adenoma). Missing values: weight (n = 9), height (n = 9), BMI (n = 10), TPOAb (n = 13), TgAb (n = 16), TRAb (n = 0 for cases, no controls had TRAb measured), education (n = 2), smoking (n = 2), alcohol (no answer, n = 2; could not be specified for all types of beverages, n = 38). Levels of significance: * p < 0.05, ** p < 0.01, *** p < 0.001 for comparison between cases and controls within each of the three strata (subtype of hyperthyroidism pregnancies, live births, and abortions as continuous variables. We adjusted for potential confounding by alcohol consumption (units consumed per week as a continuous variable), smoking history (never, current, and previous smoking), all cause co-morbidity (ever/never), and education (basic school plus up to 2 years of vocational schooling [e.g., store employees, carpenters, or mason] vs. more). We explored whether age or infertility interacted with the results. Age for GD/MNTG/STA patients was dichotomised at 40/55/55 years, which were the ages closest to the reported median ages divisible by 5 years.
Results
Baseline Characteristics of Cases and Controls
Median age at disease onset was: 42.0 years in GD, 57.8 years in MNTG, and 55.0 years in STA (Table 1) . Patients diagnosed with nodular toxic goitre (MNTG and STA) had more co-morbidity probably due to their higher age at disease onset. Three types of hyperthyroidism were investigated (Graves' hyperthyroidism, multinodular toxic goitre, and solitary toxic adenoma). Missing value: pregnancies (n = 8), live births (n = 8), age at 1st pregnancy (n = 22), induced abortions (n = 10), spontaneous abortions (n = 2), age at menarche (n = 21), menopause (n = 16), age at menopause (n = 59), reproductive span (n = 7), investigated for infertility (n = 25), oral contraceptives (OC) use (n = 7), years on OC (n = 43). Levels of significance: * p < 0.05, ** p < 0.01 for comparison between cases and controls within each of the three strata (subtype of hyperthyroidism Reproductive History and Hyperthyroidism GD patients, but not MNTG or STA patients, had more pregnancies, live births, and induced abortions compared to controls (Table 2) . No differences between patients and controls were observed in terms of reproductive span, infertility, or the OC use in any of the three subtypes of hyperthyroidism.
Women diagnosed with GD more often reported pregnancies, live births, and induced abortions (Table 3 ). In terms of nodular toxic goitre (MNTG+STA), no associations to any reproductive exposures were found, suggesting no role for live births or abortions as predictors for later disease development. In GD, age modified the associations and results are showed dichotomised by the age of 40 years (Fig. 2) . Among younger patients with GD diagnosed before the age of 40 years, the odds for having ≥3 pregnancies (OR 3.07 [1.50-6.26 [1.12-4 .45]) shows the age-dependent findings. On the other hand, no associations were found between these reproductive risk factors and the development of GD after the age of 40 years.
In the present study, 59 (25.9%) of 228 GD women reported no childbirths. Of those, only 8 (13.6%) had been investigated for infertility. Autoimmunity may be associated with both infertility and the development of GD. However, introduction of previous infertility investigation in the multivariate models did not reveal any interaction (p = 0.44).
Discussion
In a Danish population-based case-control study, women newly diagnosed with Graves' hyperthyroidism in the years following the post-partum period had higher odds for previous pregnancies, live births, and induced abortions. Notably, associations were confined to women younger than 40 years. Furthermore, previous live births or abortions did not associate with hyperthyroidism of non-autoimmune origin.
Pregnancies and Live Births
Previous reports do not show equivocal associations between parity and thyroid disease development. A positive association between childbirth and the hospital referral of patients diagnosed with Graves' hyperthyroidism was suggested by Jørgensen et al. [6] (OR 1.19 [1.14- Table 3 . Uni-and multivariate logistic regression models calculating the association between various reproductive factors and later development of the common types of hyperthyroidism (Graves' hyperthyroidism, multinodular toxic goitre, and solitary toxic adenoma) Graves In all models, no events were reference (OR = 1). In the multivariate models, the explanatory variables were: all-cause morbidity (categorized), educational status (categorized), smoking history (categorized), and alcohol consumption (continuous).
a Trend for odds ratios in the regression model. Levels of significance: * p < 0.05, ** p < 0.01. DOI: 10.1159/000494836 1.24] ). In a Swedish study, Jansson et al. [10] reported an association between post-partum GD and repeated parities with a relative risk increase from 4.4 (2.2-9.1) in uniparous women to 8.1 (3.8-17) in those who had given birth to more than 2 children. Strieder et al. [26] reported 6.9 (1.5-31) higher odds for previous pregnancies among Graves' patients. Benhaim Rochester and Davies [27] studied 152 women newly diagnosed with GD at the age of 18-39 years and reported that 45% of all cases were diagnosed within the 1-year post-partum period, in which they observed a 2.1 increased relative risk. Unfortunately, they did not explore the risk profile among the 55% of the women diagnosed with GD in the subsequent years. Effraimidis et al. [28] reported a clear association between parity and the development of autoimmune hypothyroidism (p = 0.006), but only showed a trend in post-partum Graves' hyperthyroidism (p = 0.06). Finally, Rogers et al. [29] found no association between live births and a combined term of various autoimmune diseases, among them Graves' hyperthyroidism and Hashimoto's hypothyroidism.
Abortions
In the present study, women diagnosed with Graves' hyperthyroidism had more often experienced induced abortion compared to controls, whereas spontaneous abortion had no impact on later GD. Spontaneous abortions are often caused by mutations or other metabolic failures at a very early stage. Thus, the hormonal and immunological disruptions may be less pronounced. On the other hand, the initial phase of pregnancy is normal in women having an induced abortion performed. This may explain the difference in the risk profile of spontaneous and induced abortions in the present study.
Pathomechanisms Involved
In our study series, repeated pregnancy and live birth exposures were associated with higher risk of autoimmune thyroid disease both in terms of autoimmune hypothyroidism [16] and in Graves' hyperthyroidism. It is, however, a notable finding that the risk differs substantially. We previously demonstrated OR for development of autoimmune hypothyroidism around 10/30/50 for 1/2/3+ live births (reference: nulliparous) [16] . The reported associations for GD were statistically significant, but with much smaller OR around 2-3 for previous live births. Both autoimmune hypothyroidism and GD are characterised by intrathyroidal lymphocytic infiltration [30] , production of thyroid auto-antibodies, and subsequently altered function of the B-and T-cell function. However, hypothyroidism is believed to be caused by cellular immunity (Th1), whereas GD follows humoral immunity (Th2). This may be the reason for the large difference in risk in our studies of later autoimmune hypothyroidism versus Graves' hy- perthyroidism following pregnancies and live births. In addition, patients diagnosed with post-partum Graves' thyrotoxicosis were excluded. Microchimerism, i.e. the presence of fetal progenitor cells within the female body [31] may play a role in later development of autoimmunity in the mother. The presence of those genetically dissimilar cells has been demonstrated in early pregnancy [32] but also up to 38 years after delivery [33] . If pathophysiologically relevant, such cells may only play a crucial role for about a decade after delivery, as we found no association between live births and later hyperthyroidism after the age of 40 years.
Several studies claimed that a major part of Graves' patients are diagnosed within the post-partum period [10, 14, 27] . Most patients were diagnosed during the last half of the post-partum period, as there is a shift from Th1 to Th2 balance around 4-6 months after delivery, which is illustrated by rebound of B-cells peaking around 7-10 months after delivery [34, 35] . We now demonstrate that the increased risk is still there after the 1-year post-partum period. The lacking association between pregnancy exposures and both disease entities of nodular thyrotoxicosis illustrates that autoimmune mechanisms may have taken place.
In our study, some of the patients may have been undiagnosed for several months, which at least partially may have contributed to a late diagnosis in the months after the 1-year post-partum period. Thus, even if we attempted to follow the accepted definition of the post-partum period to be 1 year, we may have included some cases from an "extended" 12-to 18-month post-partum period or perhaps even longer.
Strengths and Limitations
The main strength of the present study is that information and referral bias is minimal [36] . We scrutinised hospital records, and searched for all TRAb measurements and scintiscans, and asked to complete disease record and reproductive history when participants joined our comprehensive programme in order to individually classify the specific subtype of hyperthyroidism using strict criteria. We included all overt hyperthyroid patients as they were diagnosed in the population, whenever diagnosed at primary care or after hospital referral [36] .
One limitation is the case-control study design, as association does not allow for causation. In addition, it is often difficult to know whether one condition may lead to another or the reverse. However, several of Hill's criteria such as biological plausibility, temporality, and dose dependency are met in the present study [37] . We have also statistically adjusted for a wide range of possible confounders.
Another limitation of our study is the 68.4% participation rate. Among those invited, some self-selection may have taken place. Of all patients, we invited mainly individuals aged up to 70 years and only in selected periods with staff available for assisting the comprehensive investigations.
We used nearest neighbour hot-deck imputation in the multivariate regression model to compensate for missing information mostly on alcohol intake. Raw data regression excluding subjects with any imputed value provided OR similar to those depicted in our models (data not shown).
In conclusion, it seems that various pregnancy exposures (live births and induced abortions) may be associated with enhanced risk for development of Graves' hyperthyroidism even after the post-partum period. Thus, thyroid function testing should always be considered in women consulting their physician in the first years after having given birth.
